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(54) Air conditioner having engine cooling apparatus 


(57) In an air conditioner having a compressor driv- 
en by an engine and an engine cooling apparatus for 
circulating engine cooling medium through a circulating 
passage to cool the engine, the engine cooling appara- 
tus includes a heat exchanger for performing the heat- 
exchange between refrigerant at the suction side of the 
compressor and the engine cooling medium, at least 


one radiator for radiating heat of the engine cooling me- 
dium, and a three-way valve having a first port for se- 
lectively feeding the engine cooling medium to the heat 
exchanger and a second port for selectively feeding the 
engine cooling medium to the at least one radiator. The 
heat exchanger and the at least one radiator are con- 
nected to each other through said three-way valve in 
parallel in the circulating passage. 
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Description 

1. Field of the Invention 

[0001] The present invention relates to an air condi- 
tioner having a compressor driven by an engine and an 
engine cooling apparatus for cooling the engine. 

2. Description of the Related Art 

[0002] As one of air conditioners is known a gas heat 
pump type air conditioner 100 as shown in Fig. 1 in 
which a compressor 16 is driven by an engine (for ex- 
ample, a gas engine 30). In this type of air conditioner 
1 00, an outdoor unit 1 03 is equipped with the compres- 
sor 16, a four-way valve 18, outdoor heat exchangers 
1 9 and an outdoor expansion 24, and each of plural (for 
example, two) indoor units 12A, 12B is equipped with 
an indoor heat exchanger 21 A, 21 B and an indoor ex- 
pansion valve 22A, 22B. 

[0003] By switching the four-way valve 1 8, each of the 
outdoor heat exchanger 1 9 serves as a condenser and 
each of the indoor heat exchangers 21 A, 21 B serves as 
an evaporator under cooling operation, so that each of 
the indoor heat exchangers 21 A, 21 B cools the room by 
evaporation heat of refrigerant. Further, by further 
switching the four-way valve 18, each of the outdoor 
heat exchangers 19 serves as an evaporator and each 
of the indoor heat exchangers 21 A, 21 B serves as a con- 
denser under heating operation, so that each of the in- 
door heat exchangers 21 A, 21 B heats the room by the 
condensation heat of the refrigerant. 
[0004] A gas engine 30 for driving the compressor 1 6 
for compressing refrigerant is cooled by an engine cool- 
ing apparatus 110. The engine cooling apparatus 110 
has a substantially closed loop type cooling water pipe 
111 having one end connected through the gas engine 
30 to an exhaust gas heat exchanger (not shown) af- 
fixed to the gas engine 30 and the other end connected 
directly to the exhaust gas heat exchanger, and a wax 
three-way valve 43, a three-way valve 45 (electromag- 
netictype three-way valve), a double pipe type heat ex- 
changer 114, radiators 46 and a circulating pump are 
successively disposed in this order in the cooling water 
pipe 1 1 1 to constitute the engine cooling apparatus 220. 
A temperature sensor 50 for detecting the temperature 
of the engine cooling water is disposed in the cooling 
water pipe 1 1 1 between the exit side of the engine cool- 
ing water of the gas engine 30 and the wax three-way 
valve 43. 

[0005] The engine cooling medium (for example, en- 
gine cooling water) withdrawing exhaust heat (heat of 
exhaust gas) of the engine is cooled (heat-radiated) in 
the double pipe type heat exchanger 114 and the radi- 
ators 46 while circulated in the cooling water pipe 111 
by actuation of a circulating pump 47, thereby cooling 
the gas engine 30. 

[0006] Under heating operation of the air conditioner 
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1 00, the engine cooling water is fed from the wax three- 
way valve 43 to the double pipe type heat exchanger 
114 by the three-way valve 45. The double pipe heat 
exchanger 114 heat-exchanges the engine cooling wa- 

5 ter with the refrigerant flowing through the four-way 
valve 1 8 into the refrigerant suction port 1 6A of the com- 
pressor 1 6 to heat the refrigerant (increase the pressure 
of the refrigerant) and also cools the engine cooling wa- 
ter. The engine cooling water thus cooled is fed to the 

10 radiators 46 to be further cooled (heat-radiated), and 
then fed to the gas engine 30. Apart of the heat radiated 
from the radiators 46 (the exhaust heat of the gas engine 
30) is taken into the outdoor heat exchangers 19 func- 
tioning as the evaporators and used as a heat source 

?5 for the evaporators. 

[0007] Under cooling operation of the air conditioner 
100, the engine cooling water is directly fed from the 
wax three-way valve 43 to the radiators 46 by the three- 
way valve 45. The engine cooling waler is cooled (heal- 

20 radiated) and then fed to the gas engine 30. 

[0008] Under heating operation of the air conditioner 
1 00, a part of the heat of the engine cooling water which 
is radiated from the radiators 46 (i.e., the exhaust heat 
of the gas engine 30) is taken into the outdoor heat ex- 

25 changers 19 functioning as the evaporators, and used 
as the heat source for the evaporators. However, the 
remaining part of the heat of the engine cooling water 
which is radiated from the radiators 46 is not used as 
the heat source for the outdoor heat exchangers 1 9, but 

30 radiated to the outside air, resulting in reduction in use 
efficiency of the exhaust heat of the gas engine 30. Fur- 
thermore, since the heat of the engine cooling water is 
radiated by the double pipe type heat exchanger 114 
and the radiators 46, there may be a case where the 

35 engine cooling water is excessively cooled. 

[0009] Furthermore, there is also a problem that un- 
dercooling operation or heating operation of theaircon- 
ditioner 100, the pressure of refrigerant sucked or dis- 
charged into/from the compressor is lowered or in- 

40 creased due to variation of the temperature of the out- 
side air or the like to the extent that the operation of the 
air conditioner 1 00 is unstable. 

SUMMARY OF THE INVENTION 

45 

[0010] The present invention has been implemented 
in view of the foregoing situation, and has an object to 
provide an air conditioner which can use efficiently the 
exhaust heat of an engine and enhance the stability of 
50 the operation. 

[0011] In order to attain the above object, according 
to the invention, there is provided an air conditioner hav- 
ing a compressor driven by an engine and an engine 
cooling apparatus for circulating engine cooling medium 
55 through a circulating passage to cool the engine, char- 
acterized in that the engine cooling apparatus includes 
a heat exchanger for performing the heat-exchange be- 
tween refrigerant at the suction side of the compressor 


so 
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and the engine cooling medium, at least one radiator for 
radiating heat of the engine cooling medium, and a 
three-way valve having a first port for selectively feeding 
the engine cooling medium to the heat exchanger and 
a second port for selectively feeding the engine cooling 
medium to the at least one radiator, the heat exchanger 
and the at least One radiator being connected to each 
other through the three-way valve in parallel in the cir- 
culating passage. 

[0012] In the above air conditioner, the three-way 
valve is an electromagnetic three-way valve for selec- 
tively feeding the engine cooling medium to the heat ex- 
changer side under heating operation or to the radiator 
side under cooling operation. 

[0013] In the above air conditioner, the three-way 
valve is an electric-motor driven three-way valve whose 
opening degree is variable. 

[0014] In the above air conditioner, the engine cooling 
apparatus further includes valve opening degree adjust- 
ing means having a pressure sensor for detecting the 
pressure of the refrigerant at the suction side of the com- 
pressor and/or at the discharge side of the compressor, 
the valve opening degree adjusting means adjusting the 
valve opening degree of the electric-motor driven three- 
way valve on the basis of the detection result of the pres- 
sure sensor. 

[0015] In the above air conditioner, the valve opening 
degree adjusting means adjusts the valve opening de- 
gree of the electric-motor driven three-way valve so that 
a distribution ratio of the engine cooling medium to be 
fed to the heat exchanger and the radiator is varied on 
the basis of the detection result of the pressure sensor. 
[0016] In the above air conditioner, the opening de- 
gree adjusting means adjusts the valve opening degree 
of the electric-motor drive three-way valve so that the 
engine cooling mediums is fed to only the radiator side 
under normal cooling operation, and when the detection 
result of the pressure sensor indicates that the pressure 
of the refrigerant is reduced to less than a predeter- 
mined lower limit pressure under cooling operation, a 
part of the engine cooling medium is fed to the heat ex- 
changer side. 

[0017] In the above air conditioner, the opening de- 
gree adjusting means adjusts the valve opening degree 
of the electric-motor drive three-way valve so that the 
engine cooling mediums is fed to only the heat exchang- 
er side under normal heating operation, and when the 
detection result of the pressure sensor indicates that the 
pressure of the refrigerant exceeds a predetermined up- 
per limit pressure under heating operation, a part of the 
engine cooling medium is fed to the radiator side. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] 

Fig. 1 is a circuit diagram showing a refrigerant cir- 
cuit, etc. of a conventional air conditioner; 
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Fig. 2 is a circuit diagram showing a refrigerant cir- 
cuit, etc. of a first embodiment of an air conditioner 
according to the present invention; 
Fig. 3 is a diagram showing transition of the tem- 
perature of engine cooling water under heating op- 
eration of the air conditioner; and 
Fig. 4 is a circuit diagram showing a refrigerant cir- 
cuit, etc. of a second embodiment of the air condi- 
tioner according to the present invention. 


DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 


[0019] Preferred embodiments according to the 
15 present invention will be described hereunder with ref- 
erence to the accompanying drawings. 

[A] First Embodiment 

20 [0020] Fig. 1 is a circuit diagram showing a refrigerant 
circuit, etc. of a first embodiment of an air conditioner 
according to the present invention. 
[0021] As shown in Fig. 1 , a heat pump type air con- 
ditioner 1 0 serving as a refrigerating apparatus includes 

25 an outdoor unit 1 , for example, plural (for example, two) 
indoor units 12A, 12B and a controller 13, and the out- 
door refrigerant pipe 14 of the outdoor unit 11 is con- 
nected to each of the indoor refrigerant pipes 15A, 15B 
of the indoor units 12A, 12B. 

30 [0022] The outdoor unit 11 is disposed outdoors. A 
compressor 16 is disposed in the outdoor refrigerant 
pipe 1 4, and an accumulator 1 7 is connected to the suc- 
tion side of the compressor 16 while a four-way valve 
1 8 is connected to the discharge side of the compressor 

35 16. Furthermore, outdoor heat exchangers 19, an out- 
door expansion valve 24 and a dry core 25 are succes- 
sively disposed in this order at the side of the four-way 
valve 18. Outdoor fans 20 for sucking air from the out- 
door heat exchanger (19) side are disposed to be adja- 

40 cent to the outdoor heat exchangers 19. The compres- 
sor 16 is linked to a gas engine through a flexible cou- 
pling 27 or the like, and driven by the gas engine 30. 
Furthermore, a bypass pipe 26 is disposed to bypass 
the outdoor expansion valve 24. 

45 [0023] Each of the indoor units 12A, 12B is disposed 
indoors. Indoor heat exchangers 21 A, 21 B are disposed 
in the indoor refrigerant pipes 15A, 15B respectively, 
and indoor expansion valves 22A, 22B are disposed in 
the indoor refrigerant pipes 15A, 15B so as to be in the 

50 neighborhood of the indoor heat exchangers 21 A, 21 B, 
respectively. Furthermore, indoor fans 23A, 23B for 
blowing air from the indoor heat exchangers 21 A, 21 B 
into the room are disposed to be adjacent to the indoor 
heat exchangers 21 A, 21 B. 

55 [0024] In Fig. 1 , reference numeral 28 represents a 
strainer, and reference numeral 29 represents a relief 
valve for relieving refrigerant pressure at the discharge 
side of the compressor 1 6 to the suction side of the com- 
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pressor 16. 

[0025] The controller 13 is disposed in the outdoor 
unit 11, and controls the driving of the outdoor unit 11 
and the indoor units 1 2A, 1 2B. Specifically, the controller 
13 controls the gas engine 30 (that is, the compressor 5 
1 6), the four-way valve 1 8, the outdoor fans 20 and the 
outdoor expansion valve 24 in the outdoor unit 1 and the 
indoor expansion valves 22A, 22B and the indoor fans 
23A, 23B in the indoor units 12A, 12B. Furthermore, the 
controller 1 3 controls a circulating pump 47, a three-way 10 
valve 45, etc. of an engine cooling apparatus 41 as de- 
scribed later. 

[0026] The controller 1 3 switches the four-way valve 

1 8 to set the heat pump type airconditioner 1 0 to cooling 
operation or heating operation. That is, when the con- *5 
troller 13 switches the four-way valve 18 to the cooling 
side, refrigerant flows as indicated by a solid-line arrow, 

the outdoor heat exchangers 19 serve as condensers 
and the indoor heal exchangers 21 A, 21 B serve as 
evaporators, so that the air conditioner is kept under 20 
cooling operation and each of the indoor heat exchang- 
es 21 A, 21 B cools the room. On the other hand, when 
the controller 13 switches the four-way valve 18 to the 
heating side, the refrigerant flows as indicated by a bro- 
ken-line arrow, the indoor heat exchangers 21 A, 21 B 25 
serve as condensers and the outdoor heat exchangers 

19 serve as evaporators, so that the air conditioner is 
kept under heating operation and each of the indoor 
heat exchangers 21 a, 21 B cools the room. 

[0027] Furthermore, the controller 13 controls the 30 
valve opening degree of each of the indoor expansion 
valves 22A. 22B in accordance with the air conditioning 
load under cooling operation. On the other hand, the 
controller 13 controls the valve opening degree of each 
of the outdoor expansion valve 24 and the indoor ex- 35 
pansion valves 22A, 22B in accordance with the air con- 
ditioning load under heating operation. 
[0028] Air-fuel mixture is fed from an engine fuel sup- 
ply apparatus into a combustion chamber (not shown) 
of the gas engine 30 for driving the compressor 16. The *o 
engine fuel supply apparatus 31 contains two fuel cutoff 
valves 33, a zero governor 34, a fuel flow control valve 
35 and an actuator which are successively disposed in 
this order in a fuel supply pipe 32, and the end portion 
of the fuel supply pipe 32 at the actuator (36) side is 45 
connected to the combustion chamber of the gas engine 
30. 

[0029] The two fuel cutoff valves 33 are disposed in 
series to constitute a two-closing type fuel cutoff mech- 
anism, and the two fuel cutoff valves 33 are fully closed so 
or opened interlockingly with each other to selectively 
perform one of cutoff and intercommunication with no 
leak of fuel gas. 

[0030] The zero governor 34 is used to stabilize the 
operation of the gas engine 30 by adjusting the fuel gas 55 
pressure at a secondary side (a secondary pressure b) 
after the zero governor 34 in the fuel supply pipe 32 to 
a fixed prescribed pressure irrespective of variation of 
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the fuel gas pressure at a primary side (a primary pres- 
sure a) before the zero governor 34 in the fuel supply 
pipe 32. 

[0031] The fuel flow control valve 35 is used to opti- 
mally adjust the air-fuel ratio of air-fuel mixture generat- 
ed by introducing air from the upstream side of the ac- 
tuator 36. The actuator 36 adjusts the supply amount of 
the air-fuel mixture to be supplied into the combustion 
chamber of the gas engine 30 to control the rotational 
number of the gas engine 30. 

[0032] An engine oil supply apparatus 37 is connect- 
ed to the gas engine 30. The engine oil supply apparatus 
37 has an oil cutoff valve 39, an oil supply pump 40, etc. 
disposed in an oil supply pipe 38, and supplies engine 
oil to the gas engine 30 duly. 

[0033] The control of the gas engine 30 by the con- 
troller 1 3 is specifically performed by controlling the fuel 
cutoff valve 33, the zero governor 34, the fuel flow con- 
trol valve 35 and the actuaLor 36 of the engine fuel sup- 
ply apparatus 31 and the oil cutoff valve 39 and the oil 
supply pump 40 of the engine oil supply apparatus 37 
through the control 13. 

[0034] The gas engine 30 is cooled by an engine cool- 
ing medium (for example, engine cooling water) circu- 
lated in an engine cooling apparatus 41 disposed in the 
outdoor unit 11 . The engine cooling apparatus 41 has a 
substantially closed loop type cooling water pipe 42 hav- 
ing one end connected through the gas engine 30 to an 
exhaust gas heat exchanger (not shown) affixed to the 
gas engine 30, and the other end which is connected 
directly to the exhaust gas heat exchanger, and a wax 
three-way valve 43, a three-way valve 45, a plate type 
heat exchanger 44 serving as an heat exchanger, radi- 
ators 46 and a circulating pump 47 are successively dis- 
posed in this order in the cooling water pipe 42 to there- 
by constitute the engine cooling apparatus 41 . The plate 
type heat exchanger 44 and the radiators 46 are dis- 
posed in parallel to each other in the cooling water pipe 
42 serving as a circulating path for the engine cooling 
water. 

[0035] The circulating pump 47 increases the pres- 
sure of the engine cooling water under actuation to cir- 
culate the engine cooling water in the cooling water pipe 
42. 

[0036] The wax three-way valve 43 is used to quickly 
heat the gas engine 30. The wax three-way valve 43 is 
disposed so thai the inlet side port thereof is connected 
to the exhaust gas heat exchanger affixed to the gas 
engine 30 in the cooling water pipe 42, the low-temper- 
ature side port 43B thereof is connected to the suction 
side of the circulating pump 47 in the cooling water pipe 
42 and the high-temperature side port 43C is connected 
to the three-way valve (45) side in the cooling waterpipe 
42. 

[0037] Furthermore, the three-way valve 45 is dis- 
posed so that the inlet side port 45A thereof is connected 
to the three-way valve (43) side in the cooling waterpipe 
42, the first port 45B thereof is connected to the plate 
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type heat exchanger (44) side in the cooling water pipe 
42 and the second port 45C thereof is connected to the 
radiator (46) side in the cooling water pie 42. 
[0038] The three-way valve 45 is an electromagnetic 
type three-way valve. Accordingly, the engine cooling 
water can be selectively fed to one of the plate type heat 
exchanger (44) side and the radiator (46) side by merely 
switching the three-way valve 45. 
[0039] The three-way valve 45 is switched by the con- 
troller 13 (switching means) so that the engine cooling 
water flowing from the wax three-way valve 43 is made 
to flow through the first port 45B of the three-way valve 
'45 to the plate type heat exchanger (44) side under heat- 
ing operation or flow through the second port 45C of the 
three-way valve 45 to the radiator (46) side under cool- 
ing operation. 

[0040] The plate type heat exchanger 44 is disposed 
at the refrigerant suction side of the compressor 1 6 and 
heal-exchanges the refrigerant flowing through the four- 
way valve 18 to the refrigerant suction port 16A of the 
compressor 16 with the engine cooling water flowing 
from the three-way valve 45 into the plate type heat ex- 
changer 44, whereby the refrigerant is heated by the ex- 
haust heat of the gas engine 30 to increase the temper- 
ature of the refrigerant (increase the pressure of the re- 
frigerant) and also the engine cooling water is cooled. 
[0041]- The radiators 46 are used to radiate the heat 
of the engine cooling water flowing into the radiators 46, 
and disposed to be adjacent to the outdoor heat ex- 
changers 19. Accordingly, the heat radiation is promot- 
ed by the outdoor fans 20. The radiators 46 are disposed 
at the downstream side of the outdoor heat exchangers 
1 9 in the air flowing direction. 

[0042] A temperature sensor 50 for detecting the tem- 
perature of the engine cooling water is equipped in the 
cooling water pipe 42 between the gas engine 30 and 
the wax three-way valve 43 which corresponds to the 
exit side of the engine cooling water. A signal indicating 
a temperature detected by the temperature sensor 50 
is transmitted to the controller 13. 
[0043] The engine cooling water flows from the dis- 
charge side of the circulating pump 47 into the exhaust 
gas heat exchanger to withdraw the exhaust heat (the 
heat of the exhaust gas) of the gas engine 30, and then 
flows into the gas engine 30 to cool the gas engine and 
thus to be heated. For example, when the engine cool- 
ing water flows into the exhaust gas heat exchanger of 
the gas engine 30 while kept at about 70°C, the engine 
cooling water flows into the gas engine 30 to cool the 
gas engine 30 after withdrawing the exhaust heat (the 
heat of the gas exhaust of the gas engine 30, and thus 
heated to about 80°C. 

[0044] When the temperature of the engine cooling 
water flowing from the gas engine 30 into the wax three- 
way valve 43 is low (for example, less than 80°C), the 
flow amount of the engine cooling water flowing from the 
high-temperature side port 43C of the wax three-way 
valve 43 to the three-way valve 45 is smaller than the 


flow amount of the engine cooling water returning from 
the low-temperature side port 43B of the wax three-way 
valve 43 to the circulating pump 47, so that the engine 
cooling water mainly heats the gas engine 30 quickly. 

5 On the other hand, when the temperature of the engine 
cooling water is high (for example, 80°C or more), the 
flow amount of the engine cooling water flowing from the 
high-temperature side port 43C of the wax three-way 
valve 43 to the three-way valve 45 is larger than the flow 

10 amount of the engine cooling water returning from the 
low-temperature side port 43B of the wax three-way 
valve 43 to the circulating pump 47. 
[0045] Next, the operation of the engine cooling ap- 
paratus 41 under cooling/heating operation of the air 

15 conditioner 1 0 will be described hereunder. 

[0046] Under heating operation, the three-way valve 
45 is switched to the plat type heat exchanger (44) side 
by the controller 1 3. Accordingly the engine cooling wa- 
ter flowing from the high-temperature side port 43C of 

20 the wax three-way valve 43 to the three-way valve 45 is 
fed from the first port 45B of the three-way valve 45 to 
the plate type heat exchanger 44 to be heat-exchanged 
with the refrigerant, so that the engine cooling water is 
cooled (radiated). The engine cooling waterthus cooled 

25 is passed through the suction side of the circulating 
pump 47 and then fed to the exhaust gas heat exchang- 
er of the gas engine 30. Therefore, no engine cooling 
water flows to the radiator (46) side. 
[0047] On the other hand, under cooling operation, 

30 the three-way valve 45 is switched to the radiator (46) 
side by the controller 1 3. Accordingly, the engine cooling 
water flowing from the high-temperature side port 43C 
of the wax three-way valve 45 to the three-way valve 45 
is fed from the second port 45C of the three-way valve. 

35 45 to the radiators 46 to be cooled (radiated). The en- 
gine cooling water thus cooled is passed through the 
suction side of the circulating pump 47 and then fed to 
the exhaust gas heat exchanger of the gas engine 30. 
Therefore, no engine cooling water flows to the plate 

40 type. heat exchanger (44) side. 

[0048] Next, the transition of the temperature of the 
engine cooling water detected by the temperature sen- 
sor 50 when the air conditioner 1 0 (Fig. 2) is driven under 
heating operation will be described. 

45 [0049] After the operation of the air conditioner is 
started, the temperature detected by the temperature 
sensor 50 increases and reaches the upper limit tem- 
perature T1 as indicated by a solid line a in Fig. 3 be- 
cause the gas engine 30 (Fig. 2) is quickly heated. 

so Thereafter, the flow amount of the engine cooling water 
which is passed through the wax three-way valve 43 
(Fig. 2), cooled in the plate type heat exchanger 44 (Fig. 
2) and returned to the gas engine 30 is increased be- 
cause of the increase of the temperature of the engine 

55 cooling water, and thus the temperature of the engine 
cooling water is reduced to the lower limit temperature 
T2. At this time, the flow amount of the engine cooling 
water which is passed through the wax three-way valve 
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43, cooled in the plate type heat exchanger 44 and then 
returned to the gas engine 30 is reduced and the flow 
amount of the engine cooling water which is passed 
through the wax three-way valve 43 and directly re- 
turned to the gas engine 30 is increased because of the 
reduction in temperature of the engine cooling water, so 
that the temperature of the engine cooling water in- 
creases again. Accordingly, the temperature of the en- 
gine cooling water discharged from the gas engine 30 
is varied between the upper limit temperature T1 and 
the lower limit temperature T2 as shown in Fig. 3. 
[0050] The temperature of the engine cooling water 
detected by the temperature sensor 50 when the con- 
ventional air conditioner 100 (Fig. 1) is driven under 
heating operation exhibits the transition as indicated by 
a broken line b. As compared with the lower limit tem- 
perature T3 of the engine cooling water when the air 
conditioner 1 0 (Fig. 1 ) is driven under cooling operation, 
the lower limit temperature T2 of the engine cooling wa- 
ter when the air conditioner 10 (Fig. 2) is driven under 
heating operation is higher by the temperature differ- 
ence AT (=T2-T3) because the engine coolin g water suf- 
fers no radiation (no heat loss) by the radiators 46. Ac- 
cordingly, in the plate type heat exchanger 44, the re- 
frigerant at the suction side of the compressor d16 is 
heated to a higher temperature by the engine cooling 
water, so that the heating power is increased. Further- 
more, the variation of the temperature of the engine 
cooling water discharged from the gas engine 30 (Fig. 
2) is reduced. 

[0051] In Fig. 3, if the temperature of the engine cool- 
ing water discharged from the gas engine 30 (Figs. 1, 
2) exceeds a temperature X, deterioration of the engine 
oil in the gas engine 30 is hastened. On the other hand, 
if the temperature of the engine cooling water dis- 
charged from the gas engine 30 is reduced to less than 
a temperature Y, deterioration of the engine coil in the 
gas engine 30 is also hastened. Accordingly, the lower 
limit temperature T2 of the engine cooling water when 
the air conditioner 10 (Fig. 2) is driven under heating 
operation is higher by the temperature difference AT (= 
T2 - T3) as compared with the lower limit temperature 
T3 of the engine cooling water when the air conditioner 
100 (Fig. 1) is driven under heating operation. There- 
fore, the temperature of the engine cooling water is far- 
ther away from the temperature Y at which the deterio- 
ration of the engine oil in the gas engine 30 is hastened, 
so that the engine oil is hardly deteriorated in the gas 
engine 30. 

[0052] For example, the engine oil to be fed to the gas 
engine 30 by the engine oil supply device 37 would be 
hastened in deterioration if the temperature thereof ex- 
ceeds about 1 00°C or if the temperature thereof is below 
about 60°C. Therefore, it is preferable that the temper- 
ature of the engine oil in the gas engine 30 is set to a 
value in the range from about 70°C to 80°C. The tem- 
perature of the engine oil in the gas engine 30 is varied 
substantially in the same manner as the temperature of 


10 

the engine cooling water at the discharge side of the gas 
engine 30. The temperature of the engine cooling water 
is preferably set to such a temperature that the engine 
oil in the gas engine 30 is hardly deteriorated. Accord- 
5 ingly, the temperature of the engine cooling water is 
preferably set to a value in the range from about 70°C 
to 80°C. 

[0053] In Fig. 3, the temperature T1 is set to a value 
in the range from about 75°C to 79°C, and the temper- 

10 ature T2 of the engine cooling water when the air con- 
ditioner 10 (Fig. 2) is driven under heating operation 
more closely approaches to 70°C by the temperature 
difference AT as compared with the temperature T3 of 
the engine cooling water when the air conditioner 100 

75 (Fig. 1) is driven under heating operation, so that the 
engine oil in the gas engine 30 is hardly deteriorated. 
[0054] According to the first embodiment of the 
present invention, under heating operation oif the air 
conditioner 1 0, the three-way valve 45 is switched to the 

20 plate type heat exchanger (44) side by the controller 13, 
whereby the engine cooling water is prevented from 
flowing to the radiator (46) side. Therefore, the radiation 
of the engine cooling water from the radiators 46 to the 
outside air can be prevented, and the exhaust heat of 

25 the gas engine 30 can be efficiently used. 

[0055] Furthermore, according to the first embodi- 
ment, the radiation of the engine cooling water from the 
radiators 46 can be prevented, so that the engine cool- 
ing water can be prevented from being excessively 

30 cooled. Accordingly, the refrigerant at the suction side 
of the compressor 1 is heated at a higher temperature 
in the plate type heat exchanger 44, so that the heating 
power can be increased. Furthermore, the variation of 
the temperature of the engine cooling water discharged 

35 from the gas engine 30 is reduced, and thus the tem- 
perature (pressure) of the refrigerant in the plate type 
heat exchanger 44 is stabilized, so that the operation 
stability can be enhanced. 

[0056] According to the first embodiment, the plate 
40 type heat exchanger 44 has a higher heat-exchange ef- 
ficiency than the double pipe type heat exchanger 114 
(Fig. 1), so that the exhaust heat of the gas engine 30 
can be more efficiently used. 

45 [B] Second Embodiment 

[0057] Fig. 4 is a circuit diagram showing a refrigerant 
circuit, etc. of a second embodiment of the air condition- 
er of the present invention. In the second embodiment, 
so the same elements as the first embodiment are repre- 
sented by the same reference numerals, and the de- 
scription thereof is omitted. 

[0058] An air conditioner 80 according to the second 
embodiment shown in Fig. 4 is characterized in that 
55 electric motor-driven type three-way valve 48 is used in 
place of the electromagnetic type three-way valve 45 in 
the air conditioner 1 0 of the first embodiment shown in 
Fig. 2. The inlet side port 48A of the three-way valve 48 
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is connected to the wax three-way valve (43) side in the 
cooling water pipe 42, the first port48Bof the three-way 
valve 48 is connected t the plate type heat exchanger 
(44) side in the cooling water pipe 42, and the second 
port 48C of the three-way valve 48 is connected to the 
radiator (46) side. 

[0059] A low-pressure side pressure sensor 51 for de- 
tecting the pressure of the refrigerant at the suction side 
of the compressor 1 6 is equipped at the refrigerant suc- 
tion side (low-pressure side) of the compressor 16. A 
high-pressure side pressure sensor 52 for detecting the 
pressure at the refrigerant at the discharge side of the 
compressor 16 is equipped at the refrigerant discharge 
side (high-pressure side) of the compressor 1 6. A signal 
indicating the pressure detected by each of the pressure 
sensors 51 , 52 is transmitted to the controller 53. The 
controller 53 is disposed in the outdoor unit 11 to control 
the driving of the outdoor unit 11 and the indoor units 
1 2A, 1 2B. Specifically, the controller 53 controls the gas 
engine 30 (that is, the compressor 16), the four-way 
valve 18, the outdoor fans 20 and the outdoor expansion 
valves 24 of the outdoor unit 1 1 , and the indoor expan- 
sion valves 22A, 22B and the indoor fans 23A, 23B of 
the indoor units 12A, 12B. Furthermore, the controller 
53 controls the circulating pump 47 of the engine cooling 
apparatus 41 , the three-way valve 48, etc. 
[0060] The controller 53 adjusts the valve opening de- 
gree of the three-way valve 48 on the basis of the de- 
tection results of the pressure sensors 51 , 52 (valve 
opening degree adjusting means). The three-way valve 
48 is a proportional type three-way valve., for example. 
[0061] When the air conditioner 80 is driven under 
normal cooiing operation, as in the case of the air con- 
ditioner 1 0 (Fig. 2) of the first embodiment, the controller 
53 (the valve opening degree adjusting means) adjusts 
the valve opening of the three-way valve 48 so that the 
engine cooling water is fed to only the radiator (46) side 
(out of the plate type heat exchanger (44) side and the 
radiator (46) side) and no engine cooling water is fed to 
the plate type heat exchanger (44) side. 
[0062] When the outside temperature is reduced (for 
example, 0°C or less) undercooling operation of the air 
conditioner 80, there may be a case where the refriger- 
ant pressure at the refrigerant suction side (low-pres- 
sure side) of the compressor 1 6 is reduced. If the refrig- 
erant pressure is reduced, the evaporation temperature 
of the indoor heat exchangers 21 A, 21 B is reduced, and 
the operation stability may be lost. Accordingly, when 
the refrigerant pressure detected by the low-pressure 
side pressure sensor 51 is lower than a first predeter- 
mined lower limit pressure, the opening degree of the 
three-way valve 48 is adjusted by the controller 53 so 
that a part of the engine cooling water is fed to the plate 
type heat exchanger 44. Accordingly, the engine cooling 
water is distributed to the plate type heat exchanger 44 
and the radiators 46. For example, the valve opening 
degree of the three-way valve 48 is adjusted so that 70% 
of the engine cooling water is fed to the radiator (46) 


side and 30% of the engine cooling water is fed to the 
plate type heat exchanger (44) side. Therefore, a part 
of the engine cooling water flows into the plate type heat 
exchanger 44 ; and the refrigerant and the engine cool- 

5 ing water are heat-exchanged with each other in the 
plate type heat exchanger 44 to increase the tempera- 
ture (the pressure) of the refrigerant, so that the evap- 
oration temperature of the indoor heat exchangers 21 A, 
21 B is increased. 

w [0063] Here, the first predetermined lower limit pres- 
sure is the lower limit pressure at which the air condi- 
tioner 80 can perform the cooling operation stably. That 
is, if the refrigerant pressure at the low-pressure side of 
the compressor 16 is reduced to be less than the first 

15 predetermined lower limit pressure, the cooling opera- 
tion of the air conditioner 80 is unstable. 
[0064] Under the normal heating operation of the air 
conditioner 80, as in the case of the air conditioner 10 
(Fig. 2) of the first embodiment, the controller 53 (the 

20 valve opening degree adjusting means) adjusts the 
valve opening degree of the three-way valve 48 so that 
the engine cooling water is fed to only the plate type heat 
exchanger (44) side and no engine cooling water is fed 
to the radiator (46) side. 

25 [0065] When the number of indoor units 1 2A, 1 2B be- 
ing drive is reduced (for example, only the indoor unit 
12A is driven) under heating operation of the air condi- 
tioner 80, there may be such a case that the refrigerant 
pressure at the refrigerant suction side (low-pressure 

30 side) of the compressor 1 6 is increased and the opera- 
tion stability is lost. Accordingly, when the refrigerant 
pressure detected by the low-pressure side pressure 
sensor 51 exceeds a first predetermined upper limit 
pressure higher than the first predetermined lower limit 

35 pressu re, the controller 53 adjusts the valve opening de- 
gree of the three-way valve 48 so that a part of the en- 
gine cooling water is fed to the radiators 46, whereby 
the engine cooling water is distributed to the plate type 
heat exchanger 44 and the radiators 46. For example, 

40 the valve opening degree of the three-way valve 48 is 
adjusted so that 70% of the engine cooling water is fed 
to the plate type heat exchanger (44) side and 30% of 
the engine cooling water is fed to the radiator (46) side. 
Accordingly, a part of the engine cooling water flows into 

45 the radiators 46, and thus the engine cooling water is 
radiated, so that the refrigerant is prevented from being 
excessively increased in temperature (pressure) in the 
plate type heat exchanger 44. 

[0066] The first predetermined upper limit pressure is 
50 the upper limit pressure at which the air conditioner can 
performs the heating operation stably. That is, if the re- 
frigerant pressure at the low-pressure side of the com- 
pressor 16 exceeds the first predetermined upper limit 
pressure, the heating operation of the air conditioner 80 
55 is unstable. 

[0067] Since the radiators 46 are disposed at the 
downstream side of the outdoor heat exchanger 19 in 
the air flow direction, the heat withdrawn by the outdoor 
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heat exchanger 19 when the heat exchanger 19 func- 
tions as an evaporator is littie, and thus most of the heat 
is radiated to the outside air. 

[0068] Furthermore, when the temperature of the out- 
side air is low (for example, 0°C or less) undercooling 
operation of the air conditioner 80, the refrigerant pres- 
sure at the refrigerant discharge side (high-pressure 
side of the compressor 1 6 maybe reduced due to reduc- 
tion in refrigerant pressure at the refrigerant suction side 
(low-pressure side of the compressor 1 6. If this refriger- 
ant pressure is reduced, the evaporation temperature of 
each of the indoor heat exchangers 21 A, 21 B is re- 
duced, so that the operation stability may be lost. Ac- 
cordingly, when the refrigerant pressure detected by the 
high-pressure side pressure sensor 52 is reduced to be 
less than a second predetermined lower limit pressure, 
the controller 53 adjusts the valve opening degree of the 
three-way valve 48 so that a part of the engine cooling 
water is fed to the piale lype heal exchanger 44, where- 
by the engine cooling water is distributed to the plate 
type heat exchanger 44 and the radiators 46. For exam- 
ple, the valve opening degree of the three-way valve 48 
is adjusted so that 70% of the engine cooling water is 
fed to the radiator (46) side and 30% of the engine cool- 
ing water is fed to the plate type heat exchanger (44) 
side. Accordingly, a part of the engine cooling water 
flows into the plate type heat exchanger 44 and the re- 
frigerant and the engine cooling water are heat-ex- 
changed with each other in the plate type heat exchang- 
er 44 to thereby increase the temperature (pressure) of 
the refrigerant and thus increase the evaporation tem- 
perature of the indoor heat exchangers 21 A, 21 B. 
[0069] Here : the second predetermined lower limit 
pressure is the lower limit pressure at which the air con- 
ditioner 80 performs the cooling operation stably. That 
is, if the refrigerant pressure at the high-pressure side 
of the compressor 1 6 is reduced to be less than the sec- 
ond predetermined lower limit pressure, the cooling op- 
eration of the air conditioner 80 is unstable. 
[0070] Furthermore, when the number of the indoor 
units 12A, 12B being driven is reduced under heating 
operation of the air conditioner 80, there may occur such 
a case that the refrigerant pressu re at the refrigerant dis- 
charge side (high-pressure side) of the compressor 16 
rises up and the operation stability is lost due to increase 
of the refrigerant pressure at the refrigerant suction side 
(low-pressure side) of the compressor 16. Accordingly, 
when the refrigerant pressure detected by the high- 
pressure side pressure sensor 52 exceeds a second 
predetermined upper limit pressure higher than the sec- 
ond predetermined lower limit pressure, the controller 
53 adjusts the valve opening degree of the three-way 
valve 48 so that a part of the engine cooling water is fed 
to the radiators 46, whereby the engine cooling water is 
distributed to the plate type heat exchanger 44 and the 
radiators 46. For example, the valve opening degree of 
the three-way valve 48 is adjusted so that 70% of the 
engine cooling water is fed to the plate type heat ex- 


changer 44 and 30% of the engine cooling water is fed 
to the radiator (46) side. Accordingly, a part of the engine 
cooling water flows into the radiators 46 to radiate the 
engine cooling water, so that the refrigerant can be'pre- 

5 vented from being excessively increased in temperature 
(pressure) in the plate type heat exchanger 44. 
[0071] Here, the second predetermined upper limit 
pressure is the upper limit pressure at which the air con- 
ditioner 80 performs the heating operation stably. That 

10 is, when the refrigerant pressure at the high-pressure 
side of the compressor 16 exceeds the second prede- 
termined upper limit pressure, the heating operation of 
the air conditioner 80 is unstable. 
[0072] The air conditioner 80 according to the second 

75 embodiment has also the same effect as the first em- 
bodiment, and according to the second embodiment, 
when the pressure of the suction refrigerant of the com- 
pressor which is detected by the low-pressure side pres- 
sure sensor 51 is reduced to be less than the first pre- 

20 determined' lower limit pressure, the controller 53 ad- 
justs the valve opening degree of the three-way valve 
48 so that a part of the engine cooling water is fed to the 
plate type heat exchanger 44. Therefore, the refrigerant 
and the engine cooling water is heat-exchanged with 

25 each other by the plate type heat exchanger 44 to in- 
crease the temperature (pressure) of the suction refrig- 
erant of the compressor 1 6, so that the operation stabil- 
ity of the air conditioner 80 can be enhanced. 
[0073] Furthermore, according to the second embod- 

30 iment, when the pressure of the suction refrigerant of 
the compressor 16 which is detected by the low-pres- 
sure side pressure sensor 51 exceeds the first prede- 
termined upper limit pressure, the controller 53 adjusts 
the valve opening degree of the three-way valve 48 so 

35 that a part of the engine cooling water is fed to the radi- 
ators 46, so that the flow amount of the engine cooling 
water to the plate type heat exchanger 44 is reduced 
and the suction refrigerant of the compressor 1 6 can be 
prevented from being excessively increased in temper- 

40 ature (pressure) . Therefore, the operation stability of the 
air conditioner 80 can be enhanced. 
[0074] Still furthermore, according to the second em- 
bodiment, when the pressure of the discharge refriger- 
ant of the compressor 1 6 which is detected by the high- 

45 pressure side pressure sensor 52 is reduced to be less 
than the second predetermined lower limit pressure, the 
controller 53 adjusts the valve opening degree of the 
three-way valve 48 so that a part of the engine cooling 
water is fed to the plate type heat exchanger 44, so that 

50 the refrigerant and the engine cooling water are heat- 
exchanged with each other in the plate type heat ex- 
changer 44 to increase the temperature (pressure) of 
the suction refrigerant of the compressor 1 6. Therefore, 
the operation stability of the air conditioner 80 can be 

55 enhanced. 

[0075] Still furthermore, when the pressure of the dis- 
charge refrigerant of the compressor 1 6 which is detect- 
ed by the high-pressure side pressure sensor 52 ex- 
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ceeds the second predetermined upper limit pressure, 
the controller 53 adjusts the valve opening degree of the 
three-way valve 48 so that a part of the engine cooling 
water is fed to the radiators 46 so that the flow amount 
of the engine cooling water to the plate type heat ex- 
changer 44 is reduced and the suction refrigerant of the 
compressor 1 6 can be prevented from being excessive- 
ly increased in temperature (pressure). Therefore, the 
operation stability of the air conditioner 80 can be en- 
hanced. 

[0076] Still furthermore, according to the second em- 
bodiment, since the three-way valve 48 is an electric- 
motor driven type three-way valve, the engine cooling 
water can be selectively fed to the plate type heat ex- 
changer (44) side, the radiator (46) side or both the plate 
type heat exchanger (44) side and the radiator (46) side 
by adjusting the valve opening degree of the three-way 
valve 48. 

[0077] In the second embodiment, the valve opening 
degree of the three-way valve 48 is adjusted on the ba- 
sis of the detection results of the low-pressure side pres- 
sure sensor 51 and the high-pressure side pressure 
sensor 52, however, the present invention is not limited 
to this embodiment. For example, the valve opening de- 
gree of the three-way valve 48 may be adjusted on the 
basis of the detection result of any one of the low-pres- 
sure side pressure sensor 5 1 and the high-pressure side 
pressure sensor 52. In this case, any one of the low- 
pressure side pressure sensor 5 1 and the high-pressure 
.side pressure sensor 52 may be omitted. 
[0078] The present invention is not limited to the 
above embodiments, and various modifications may be 
made without departing from the subject matter of the 
present invention. For example, in the above embodi- 
ments, the number of the outdoor heat exchangers 19 
(the radiators 46, the outdoor fans 20) and also the 
number of the indoor units 21 A, 21 B are respectively 
equal to two. However, these numbers are not limited to 
two, and may be set to one or three or more. 
[0079] As described above, according to the present 
invention, the exhaust heat of the engine can be effi- 
ciently used, and the operation stability of the air condi- 
tioner can be enhanced. 


Claims 

1. An air conditioner having a compressor driven by 
an engine and an engine cooling apparatus for cir- 
culating engine cooling medium through a circulat- 
ing passage to cool the engine, characterized in 
that said engine cooling apparatus includes a heat 
exchanger for performing the heat-exchange be- 
tween refrigerant at the suction side of said com- 
pressor and the engine cooling medium, at least 
one radiator for radiating heat of the engine cooling 
medium, and a three-way valve having a first port 
for selectively feeding the engine cooling medium 


16 

to said heat exchanger and a second port for selec- 
tively feeding the engine cooling medium to said at 
least one radiator, said heat exchanger and said at 
least one radiator being connected to each other 
5 through said three-way valve in parallel in said cir- 
culating passage. 

2. The air conditioner as claimed in claim 1 , wherein 
said three-way valve is an electromagnetic three- 
w way valve for selectively feeding the engine cooling 
medium to the heat exchanger side under heating 
operation or to the radiator side under cooling op- 
eration. 

15 3. The air conditioner as claimed in claim 1 , wherein 
said three-way valve is an electric-motor driven 
three-way valve whose opening degree is variable. 

4. The air condilioner as claimed in claim 3, wherein 
20 said engine cooling apparatus further includes 
valve opening degree adjusting means having a 
pressure sensor for detecting the pressure of the 
refrigerant at the suction side of said compressor 
and/or at the discharge side of said compressor, 
25 said valve opening degree adjusting means adjust- 
ing the valve opening degree of said electric-motor 
driven three-way valve on the basis of the detection 
result of said pressure sensor. 

30 5. The air conditioner as claimed in claim 4, wherein 
said valve opening degree adjusting means adjusts 
the valve opening degree of said electric-motor driv- 
en three-way valve so that a distribution ratio of the 
engine cooling medium to be fed to said heat ex- 

35 changer and said radiator is varied on the basis of 
the detection result of said pressure sensor. 

6. The air conditioner as claimed in claim 5, wherein 
said opening degree adjusting means adjusts the 

40 valve opening degree of said electric-motor drive 
three-way valve sothat the enginecooling mediums 
is fed to only the radiator side under normal cooling 
operation, and when the detection result of said 
pressure sensor indicates that the pressure of the 

45 refrigerant is reduced to less than a predetermined 
lower limit pressure under cooling operation, a part 
of the engine cooling medium is fed to said heat ex- 
changer side. 

so 7. The air conditioner as claimed in claim 5, wherein 
said opening degree adjusting means adjusts the 
valve opening degree of said electric-motor drive 
three-way valve sothat the engine cooling mediums 
is fed to only the heat exchanger side under normal 

55 heating operation, and when the detection result of 
said pressure sensor indicates that the pressure of 
the refrigerant exceeds a predetermined upper limit 
pressure under heating operation, a part of the en- 
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gine cooling medium is fed to said radiator side. 
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(57) In an air conditioner having a compressor driv- 
en by an engine and an engine cooling apparatus for 
circulating engine cooling medium through a circulating 
passage to cool the engine, the engine cooling appara- 
tus includes a heat exchanger for performing the heat- 
exchange between refrigerant at the suction side of the 
compressor and the engine cooling medium, at least 


one radiator for radiating heat of the engine cooling me- 
dium, and a three-way valve having a first port for se- 
lectively feeding the engine cooling medium to the heat 
exchanger and a second port for selectively feeding the 
engine cooling medium to the at least one radiator. The 
heat exchanger and the at least one radiator are con- 
nected to each other through said three-way valve in 
parallel in the circulating passage. 
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